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Effect of Fragment Size on Non-volant Mammals in
La Cruz and Monteverde, Costa Rica
Seema Sheth
Department of Environmental Studies, Washington University
ABSTRACT
The purpose of this study was to examine the effects of fragment size on terrestrial, fruit-eating mammals.
In this study, it was expected that there would be smaller mammals in small fragments than in large ones
due to limited resources and fewer predators. In each of five fragments of different sizes and in a section
of continuous forest, plantains were used to bait mammals, and each site was checked every other day for
damage to bait. Based on observations of bite marks on plantains, for groups of mammals were identified:
small rodents, opossums, agoutis and pacas, and coatis. Number of total visits to bait tended to decrease
with increasing fragment size. Proportions of visits by small rodents were higher in smaller fragments.
There was no significant difference between number of visits between fragments and continuous forest
(Friedman test, p = 0.2409), but there was a significant difference between the different types of damage
to bait in the six study sites (Friedman test, p = 0.0014). Specifically, multiple comparisons indicate that
the number of plantains not found at the study sites (presumably because they were removed by larger
mammals) was significantly higher than the number of visits by opossums (p < 0.05). These results
suggest that fragmentation can influence relative abundances of fruit-eating mammals, which can be seed
dispersers crucial to seedling recruitment.

RESUMEN
En este estudio, se examinó los efectos de la fragmentación del bosque en los mamíferos terrestres que
comen frutas. Se predijo que habría más mamíferos pequeños en fragmentos menores que en los
fragmentos grandes, a causa de lo limitado de los recursos y menos predadores. En cada uno de los cinco
fragmentos de diferentes tamaños y en una sección del bosque continuo, plátanos fueron usados para
atraer los mamíferos y cada lugar fue inspeccionado cada dos días. Basado en observaciones de las
marcas de dientes en los plátanos, cuatro grupos de mamíferos fueron identificados: los roedores
pequeños, los zorros, las guatusas y tepezcuintles, y los pizotes. El número de visitas totales al cebo
disminuyo con el aumento en el tamaño del fragmento. Proporciones de visitas por los roedores pequeños
fueron mas altas en fragmentos pequeños que en fragmentos grandes. No había una diferencia
significativa entre el número de visitas entre los fragmentos y el bosque continuo (prueba Friedman, p =
0.2409), pero había una diferencia significativa entre los diferentes tipos de daño al cebo en los lugares
del estudio (prueba Friedman, p = 0.0014). Específicamente, las pruebas posteriores (Post-hoc test)
indicaron que le número de plátanos no encontrados (porque los mamíferos mas grandes los removieron)
en los lugares del estudio, fue de manera significativa mayor que el de las visitas por los zorros. Estos
resultados sugieren que la fragmentación puede influir las abundancias relativas de los mamíferos que
comen fruta. Estos mamíferos son importantes para la dispersión de semillas y por eso, son cruciales para
la sucesión de muchas plantas.

INTRODUCTION
In the Monteverde region of Costa Rica, humans have transformed patches of Forest into
pastures, roads, gardens, and homes, thus creating many Forest fragments of various sizes
and levels of disturbance (Wheelwright 2000). Habitat fragmentation leads to greater
edge effects, higher isolation of forest populations, migration of individuals from lost
habitats into remaining forest fragments, and greater risk of invasion by exotic species.
Moreover, accessibility to hunter’s increases further was endangering many species
within the fragmented habitat. Habitat fragmentation especially threatens biodiversity in
the tropics due to high numbers of co-evolved and rare species (Laurence et al. 1997).
One group that is affected by fragmentation is terrestrial, fruit-eating mammals. A
study of frugivore species richness and abundance in forest patches and agricultural areas
in Los Tuxtlas, Mexico found that non-flying mammals only occurred in forest areas.
These species tended to have small populations, specialized habitats, and restricted
mobility, putting them at a higher risk of extinction in fragmented areas (Estrada et al.
1993). It is therefore important to understand the extent to which fragmentation
influences abundances of mammal species, particularly because they are at a high risk of
being harmed by habitat loss.
It is critical to consider the fate of mammal populations in fragmented areas
because they can be seed predators, seed dispersers, commensals (do not damage seeds
but do not move seeds outside of the crown of the parent tree), or seed parasites (damage
seeds but not to the extent that they cannot germinate) (Bonaccorso et al. 1980). For
example, agoutis (Dasyprocta punctata, Dasyproctidae) play a crucial role in the
dispersal of Hymenaea courbaril, a large-seeded neotropical tree. Hallwachs (1986)
suggests that Hymenaea courbaril would go locally extinct if agoutis were not present
and instead peccaries and small rodents were widespread because peccaries and small
rodents are only seed predators to the species. This dependence of certain tree species on
mammals for dispersal suggests that reduced mammal abundance due to fragmentation
could limit recruitment of trees and therefore greatly impact distribution of vegetation in
fragments.
This study examines the effects of fragment size on terrestrial, fruit-eating
mammals.
MATERIALS AND METHODS

This study was conducted from October 24, 2000 through November 13, 2000, in five
forest fragments of various sizes in La Cruz, Guanacaste and a section of continuous
forest behind the Estación Biológica Monteverde. Table 1 shows the location, owner, and
characteristics of each site. All fragments were disturbed primary growth, and all study
sites, which were in the premontaine, wet life zone, were at an elevation between 1400
and 1500 meters above sea level.

In this study, plantains were used to bait terrestrial, fruit-eating mammals. At the
11ha, 15 ha, and continuous forest sites, bait was placed approximately 100 meters in
from the forest edge in order to reduce the possibility of edge effects. However, due to
limited accessibility and for narrowness of the one-hectare, five-hectare, and ten-hectare
sites, bait was placed between 10 and 20 meters into the forest. Each fragment was
divided into six subsites that were using footsteps. In the continuous forest site, each of
the six subsites was 200 meters apart from each other along the Jilguero trail. At each
sibsite, a bait consisting of three unripe plantains was tied to the base of a tree so that the
remnants could be examined later.
Baits were checked every other day alternating between sites in La Cruz and the
site at the Estación Biológica Monteverde, with the exception of two instances in which
each site was checked every third day. If plantains at a site had been removed or partly
eaten, they were replaced with new plantains. All partly eaten plantains were collected
and examined for dentition marks. The number of visits, defined as the number of
incidents in all three plantains at each bait that displayed bite marks, was recorded, as
was the number of plantains that had been removed from each subsite. Molds of damaged
plantains were made with plaster for initial identification of mammal groups, and digital
camera photographs were taken when molds would not clearly show tooth marks. The
dentition marks on plantains were used to identify the mammals in order to compare the
numbers of visits of different types of mammals. Two Friedman tests for six variables
were performed to test for a significant difference in total visits between fragments and
continuous forest and in different types of damage in all sites.

RESULTS
Based on dentition marks on plantains, the mammals that made visitations were classified
into four categories: small rodents (displaying small incisor marks), opossums (exhibiting
small, pointed marks), agoutis and pacas (showing large incisor marks), and coatis
(having large, pointed marks). In addition, many plantains were either completely eaten
or not found, suggesting visitations by larger mammals, such as raccoons, coatis, or
pacas. Some plantains were not identified because they had been partly eaten by ants or
tooth marks were not clear.
The smallest fragment (1-2 ha) showed the highest number of visits (including
completely eaten, not found, and unidentified plantains) per days studied, while the
continuous forest exhibited the least amount of visits (Figure 1). Small rodents comprised
a higher proportion of total visits in smaller fragments than in the largest fragment and
the section of continuous forest (Figure 2).
There was no significant difference between the number of visits in the five
fragments and the continuous forest (Friedman Test, p = 0.2409). There was, however, a
significant difference between type of damage (i.e. mammal visits as well as number of
completely eaten, not found, and unidentified plantains) in the fragments and continuous
forest (Friedman Test, p = 0.0014). Multiple comparisons showed that there was a

significantly different amount of plantains not found than damaged by opossums (p <
0.05), but that there were no other significant differences between pairs of damage type
(p > 0.05 for all other pairs).

DISCUSSION
This study shows a greater frequency of visits by smaller mammals in small fragments
than in large ones and continuous forest. Similar studies have shown that small-mammal
densities were higher in smaller patch sizes (Debinski and Holt 2000). Studies by
Malcolm found a higher diversity and abundance of terrestrial small mammals in
fragments, while birds, primates and two types of beetle communities were more diverse
in continuous forest. Malcolm (1997) attributes this to the ability of small mammals to
exploit secondary forest. He also suggests that because many small mammals are
nocturnal, they do not sense differences between primary and secondary forests in the
same way that diurnal mammals do. This trend could also be explained by the tendency
of small rodents to be less specialized omnivores, and therefore may be more easily able
to take advantage of the available resources. The same may be the case for opossums
(such as Didelphus marsupialis, Didelphidae), which are generalist omnivores that only
visited bait in the one-hectare and ten-hectare fragments. However, as many species of
opossums are short-lived, their absence in most fragments suggests that they may not be
able to adjust quickly enough to fragmentation (Reid 1997).
Home ranges of each mammal group may reflect that group’s ability to persist in
different-sized fragments. For example, agoutis and pacas have home ranges of two to
three hectares (Smythe 1983), suggesting that they may have to expose themselves more
frequently to predators by leaving the one-hectare fragment to find food in times of
scarcity. Moreover, agoutis will not leave their small home range when they are being
chased by predators (Smythe 1983). This could explain why the one-hectare fragment
had a very low proportion of visits by agoutis and pacas, and why no visits by agoutis and
pacas were identified in the five-hectare fragment. The ten-hectare fragment may have
had the highest proportion of visits by agoutis and pacas because it is big enough and has
sufficient resources to support them. As hunting has been a major threat to both of these
mammals, its effects could become more pronounced when coupled with fragmentation
(Robinson 1996).
The finding of a significant difference (p = 0.0014) between the categories of
damage in the six fragments suggests that fragmentation impacts the proportions of
mammals present in an area. Fragmentation influences many factors that shape
population density in a habitat: predation, competition, and resource availability (BeckKing et al. 1999). Therefore, it is not surprising that there was a difference between
groups of mammals that visited all sites. It is also important to consider that there was a
significantly higher number of plantations not found than visits by opossums in all sites.
Since plantains not found suggest that a larger mammal removed them, it is likely that

larger mammals, such as raccoons, coatis, or pacas, made up the highest proportion of
total visits for five out of the six sites.
There are several possible explanations as to why number of total visits decreased
with increasing fragment size. More visits in smaller fragments could result from
“crowding” because after fragmentation, individuals unable to utilize the matrix habitat
moved into the fragment (Debinski and Holt 2000). Moreover, very small fragments
cannot support top predators, thus giving smaller mammals a better chance for survival
(Laurence et al 1997). In the continuous forest, there may be fewer small rodents due to a
higher density of “big things that run the world”, such as felids, and raptors (Terborgh
1988). In Monteverde, some of these predators include coyotes, gray foxes, tayras,
pumas, ocelots, margays, jaguarondis, and jaguars (Timm and Laval 2000). The results of
a bird and mammal study in Los Tuxtlas, Mexico show that smaller forest fragments had
a significantly higher species richness and more individuals than larger fragments
(Estrada et al. 1993). This could be due to a greater variety of habitats associated with
forest edges, lack of top predators, and a “crowding” effect (Laurance et al. 1997). It
must also be considered that because a proportionally small section of continuous forest
was sampled compared to the five fragments, its densities of mammals may be less
accurately than the fragments. Moreover, the absence of a crowding effect in continuous
forest could allow mammal density to be lower.
Perhaps one of the most important implications of the results found in the study is
concerning the relationship between mammal assemblages and seedling recruitment.
Some small rodents, such as Heteromys sp. (Heteromyidae), eat small seeds and hoard
them to eat in times of scarcity. Some small rodents are important not only in seed
dispersal but also in providing seeds for other terrestrial seed-eaters (Smythe 1986). This
may mean that fragments, which many studies have shown to have elevated numbers of
small mammals, may be helpful in conservation by encouraging recruitment of certain
small-seeded trees. Opossums, on the other hand, tend to eat fleshy parts of fruits and do
not seem to be important seed predators or dispersers (Bonaccorso et al. 1980). Agoutis
and pacas are major seed predators and dispersers of larger-seeded trees. Agoutis
scatterhoard seeds in times of plenty, but they do not always dig up all buried seeds
during scare periods, thus serving as an important mechanism by which tree species such
as Dipteryx panamensis are dispersed (Reid 1997). Thus, an absence of agoutis and pacas
in the five hectare fragment indicates that the vegetative patterns in the fragment may
change drastically if some trees depend on those rodents for dispersal. Coatis less
commonly have a role in seed dispersal, but in areas where they are at high densities they
may influence seedling recruitment. Coatis may be important in seed dispersal due to
their behavior of carrying fruit short distances away from the parent tree (Bonaccorso et
al. 1980). In addition, their presence in all study sites, even the one-hectare fragment,
reveals their ability to persist in fragmented areas.
In a study of biomass of frugivorous mammals at Barro Colorado Island, total
biomass of frugivores decreased from 1973 to 1982 (Glanz 1990). Glanz proposes that
the isolation and small area of the island affect extinctions of certain mammal species.
Forest fragmentation, which results in isolation and reduced areas of forest, also may

experience decreases in biomass of frugivorous mammals. This, in turn, could influence
future vegetative patterns and other changes in habitat. In the Barro Colorado Island
study, decreases in biomass were most prevalent in rodents and marsupials, while
primates and peccaries displayed increases in biomass from 1973 to 1982. These changes
in mammal densities could greatly alter the island’s habitats, as tapirs are major seed
predators and some rodents are important seed dispersers.
This study provides many opportunities for further research. It would be
interesting to further compare mammals in different sized fragments by determining their
species composition and richness. In order to plan conservation strategies, it is important
to know what kind of habitats most effectively promote biodiversity. Knowing what
types of borders (secondary forest versus pasture versus roads) and what kinds of
fragment shapes allow different types of mammals to survive in these areas will be
crucial. It would also be interesting to consider the impact of distance from continuous
forest on mammal densities in forest fragments. In order to preserve the existing
biodiversity, we must learn about how fragments can best be managed in order to limit
loss of species diversity.
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TABLE 1. Size, location, owner, and characteristics of each fragment.
Approximate size of
study site
1-2 ha
5 ha

Location

Owner

Characteristics

La Cruz
La Cruz

Gerardo Vargas Marín
Federico Muñoz

10 ha
Aa ha

La Cruz reserve
La Cruz

_________________
Federico Muñoz

15-20 ha (total area of
all connected land)
40,000 ha (total area of
all connected land

La Cruz

Federico Muñoz

Estación Biológica de
Monteverde

__________________

Near other fragments
Adjacent to pasture near
house, narrow strip,
near other fragments,
stream in center
Near other fragments
At top of hill near
pasture, near other
fragments and
continuous forest
Adjacent to road, near
other fragments
Continuous forest

